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ABSTRACT
The aim of this portfolio is twofold: first, the portfolio serves to document the author’s approach
to teaching while also providing the means for the author to reflect on and improve his approach;
second, this portfolio evaluates the effect of a discussion-based approach and a solution-based
approach to delivering practice exams on student performance on formal examinations. The
discussion-based approach focuses on team-based discussions of one problem from a practice
exam for 10-15 minutes before receiving feedback from the instructor on that specific problem or
topic. After receiving feedback from the instructor, the students move onto another problem in the
practice exam and the process is repeated. In the solution-based approach, the instructor solves
each problem on the practice exam on the board while the students record the solution on their
own copy of the practice exam. The solution-based approach was used exclusively for the 2019
semester whereas the both approaches were used in 2020 semester. The approaches are evaluated
based on comparison of examinations grades from both semesters, instructor feelings and thoughts,
and through an end-of-the-semester survey completed by the students in the 2020 semester. The
students report that they felt equally prepared when either approach was used to deliver a practice
exam, but the comparison of the grades suggests that they perform better when the solution-based
approach is implemented. Furthermore, the instructor felt the discussion-based approach resulted
in a highly disorganized presentation of the practice material and, more importantly, the instructor
left the classroom feeling unsuccessful when this approach was implemented.
Keywords: practice exams, in-person exams, exams, take-home exams, solution-based teaching,
discussion-based teaching
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1. Objectives of Course Portfolio
This portfolio has two major objectives: the portfolio serves to document the author’s approach to
teaching while also providing the means for the author to reflect on and improve his approach;
second, this portfolio evaluates the effect of a discussion-based approach and a solution-based
approach to delivering practice exams on student performance on formal examinations. The
discussion-based approach focuses on team-based discussions of one problem from a practice
exam for 10-15 minutes before receiving feedback from the instructor on that specific problem or
topic. After receiving feedback from the instructor, the students move onto another problem in the
practice exam and the process is repeated. In the solution-based approach, the instructor solves
each problem on the board while the students record the solution on their own copy of the practice
exam. These approaches are evaluated based on comparison of grades for each exam for the Spring
2019 and Spring 2020 cohorts.

2. Benchmark Memo 1: Course Description, Goals, and Learning Objectives
2.1. Description of the Course
MECH 416/816 is a mixed senior-level elective and graduate course on engineering acoustics that
is taught on Tuesdays and Thursdays. The content covers the fundamental theory of acoustic wave
propagation in fluids and how to manipulate acoustic waves in an engineering context. The student
body is a mixture of undergraduate and graduate students with some students being in the same
major (mechanical engineering) as this course and others being non-majors (e.g., chemical,
electrical, construction, and architectural engineering). The reason for such diversity is that
acoustics has many applications within and outside of mechanical engineering including
architectural, chemical, and electrical engineering as well as in mathematics and physics. The
course is a technical elective in for undergraduate students and a general course for graduate
students in the curriculum of the Department of Mechanical and Materials Engineering.
The course focuses almost entirely on theoretical acoustics, which is based on the partial
differential equations that govern the acoustical flow and vibrations of fluids. The course is also
heavily related to vibrations, but it is unlikely that many of the undergraduate students will have
taken a vibrations course previously because the introductory vibrations course is an elective.
Undergraduate students will not have been exposed to partial differential equations and approaches
to solving them unless they are also earning a minor in Applied Mathematics. Graduate students
have most likely taken a course on partial differential equations and it is more likely that they will
have taken a vibrations course previously.
Since comparisons between the performance of the 2019 and 2020 cohorts will be made in
coming sections, the demographics of each cohort will be discussed. The 2019 cohort consisted of
seven undergraduate students of which six were mechanical engineering majors and one was an
electrical engineering major. The 2019 cohort consisted of nine graduate students of which three
were pursuing an advanced degree in mechanical engineering, four were in architectural
engineering, one was in biomedical engineering, and one was in chemical engineering. The 2020
cohort consisted of seven undergraduates and all of them were pursuing a degree in mechanical
engineering. The 2020 cohort consisted of three graduate students of which only one was pursuing
an advanced degree in mechanical engineering, one in construction engineering, and one in
architectural engineering.
2.2. Goals for the Course
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The overall goal for the course is for the students to learn how to analyze acoustical systems using
fundamental theory while incorporating appropriate assumptions for the current problem or
system. This goal incorporates both the ability to actually perform the analysis as well as the ability
to determine the appropriate assumptions before performing the analysis. In addition to this goal,
the instructor wanted to the students to build strong interpersonal skills through working in teams
on homework assignments and in-class worksheets. Two other goals for the instructor was for the
students to actually retain the knowledge and abilities that they acquired during the course and to
be able to identify and correct errors in someone else’s work. However, neither of these goals were
assessed in any form and, thus, they will not be discussed further in this portfolio. The goals for
this course were not affected by the Covid-19 pandemic in any way.
2.3. Course Learning Objectives
The course learning objectives are described below, and these can also be found in both the original
syllabus in Appendix A and the syllabus amended for remote teaching provided in Appendix B.
The learning objectives for this course were unaffected by the Covid-19 pandemic and were not
changed during the switch to remote teaching.
By the end of this course, students will be able to
• Analyze and predict the response of simple vibrating systems including harmonic
oscillators, strings, bars, and membranes.
• Determine the appropriate boundary conditions and underlying assumptions governing
the response of vibrational and acoustic systems.
• Analyze acoustical systems using fundamental theory and predict the resulting response
for a variety of conditions.
• Manipulate the propagation of acoustic waves through the design of wave guides,
resonators, pipes, and filters.
• Evaluate and assess proposed design solutions on their effectiveness of manipulating and
controlling acoustic waves.
• Analyze the effects of interfaces between different media on acoustic propagation
including normal and oblique transmission and through a fluid layer.

3. Benchmark Memo 2: Teaching Methods and Course Activities
Due to the Covid-19 pandemic, the course setup was changed halfway through the semester for
the 2020 cohort whereas the class setup remained constant for the 2019 cohort. For the entire 2019
semester and the first half of the 2020 semester, the course focused entirely on synchronous, inperson learning. The second half of the 2020 semester focused on asynchronous, remote learning
with attempts to incorporate synchronous learning opportunities through team-based worksheets.
3.1. Teaching Methods, Course Materials, and Outside Activities Used
In general, the course is set up in a semi-flipped approach such that in-class activities are split
between lectures and team worksheets. Specifically, Tuesdays are typically used for lectures and
Thursdays are used for team worksheets, which are discussed in the next paragraph. Before the
switch to remote teaching, the lectures were delivered by the instructor in person with students
taking their own handwritten or typed notes. To avoid the monotony of continuous lectures for
both the students and the instructor, two-minute breaks were incorporated into every lecture after
roughly 20 minutes of lecturing. On average, a total of five minutes was used each lecture session
4

for the students to take a break and refresh themselves. In addition to breaks, the instructor
frequently employed the “think-pair-share” activities to discuss lecture material. After the switch
to remote teaching for the second half of the 2020 semester, the in-person lectures were replaced
with video lectures that were pre-recorded by the instructor using an iPad and posted to both
Canvas and the corresponding Discord channel. Instead of incorporating breaks into the video
lectures, the instructor chose to record each subsection separately so that the students could take a
break at a natural stopping point. The students were given unrestricted access to the video lectures
and class time that was originally scheduled for the lecture was instead used as office hours to
answer any student questions.
The team worksheets are used to either replace a lecture or enhance a previous lecture and
help develop the students’ interpersonal skills. An example of a worksheet that serve as a lecture
replacement is provided in Appendix C; this worksheet focuses on deriving complicated boundary
conditions for elastic strings and incorporates a lot of guiding instructions. An example of a
worksheet that enhances a previous lecture is provided in Appendix D; this worksheet focuses on
the design of an automobile muffler and is based on the preceding lecture on acoustic filters.
During the first half of the semester, students were required to work on the worksheets together in
their teams during class and were graded on how well they worked together instead of on the
accuracy and completeness of their solution. The instructor used this time to walk around the
classroom and look at each student’s work to evaluate their progress, answer questions, and
determine the effectiveness of each team. After the switch to remote teaching during the 2020
spring semester, the students were given two options for completing the worksheets: first, the
students could work together in a Zoom call hosted by the instructor during the scheduled class
time where they could receive feedback from the instructor; or, second, the students could
complete the worksheet asynchronously without feedback from the instructor. The students were
given 48-72 hours to complete and upload the worksheet to Canvas for the instructor to grade.
During the Zoom call, the instructor placed each team into their own breakout room and the
instructor jumped between breakout rooms to provide feedback and answer questions.
The course consists of two formal midterm exams, which are held on Thursdays, and a
cumulative final exam held during the scheduled slot in final exam week. The exams are broken
up such that they each cover some thematic units of the course and also increase in difficulty as
the course progresses. The first midterm is designed to cover everything taught on harmonic
oscillators and elastic waves; the second midterm covers everything taught on acoustic waves
except for the last three topics; and the final exam addresses the entire content of the course. Each
exam is accompanied with a practice exam that is provided to the students and discussed on the
Tuesday (two days) before the exam. As mentioned previously, this portfolio evaluates the
effectiveness of two different methods for delivering practice exams and these are discussed in
detail in Section 3.3. The same practice and actual exams were used in both the 2019 and 2020
cohorts. All exams held during the 2019 semester and the first midterm of the 2020 semester were
closed book except for two to six pages (front and back) of handwritten notes; the students were
allowed two pages on the first midterm exam, four on the second, and six on the final exam. These
exams were held during class time or the scheduled final exam time and students were not allowed
to work together in any capacity during the exams. Due to the Covid-19 pandemic and the switch
to remote teaching, considerable changes were implemented for the second midterm and final
exams during the 2020 semester. For these exams, the students were given an entire week to solve
the exam and not only allowed access to all course materials while working on the exam, but the
students were also allowed to discuss and work on the exam with their established teams. The
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rationale for these changes is provided in Section 3.2.
Prior to the switch to remote teaching, the only activities used outside this course were
assigned reading from the textbook, occasional handouts on topics that the author did not cover in
class, and homework problems. However, homework problems serve as the only consistent
activity outside of the class. The students are required to work on the homework in the same teams
as the worksheets and only one homework solution is turned in during class for the whole team.
After the switch to remote teaching, the team-based format was kept, but the students were
required to upload their homework solutions to Canvas instead of turning it in during class.
3.2. Rationale for Teaching Methods
The course is set up with a semi-flipped classroom to avoid the monotony of only lecturing as well
as to enhance the overall learning experience. The lectures are designed with short breaks
incorporated approximately every 20 minutes to give students a chance to reset their minds before
continuing the lecture. The breaks also provide an opportunity for both the students and the
instructor to reflect on what was just covered in the lecture and to address any questions that come
up as a result of that reflection.
The team worksheets are designed to help the students grow their interpersonal skills by
working together to learn and complete the assignment. Since the worksheets cannot be completed
in parallel, the students are unable to divide-and-conquer and, instead, must work together to
complete the worksheet. The worksheets also provide opportunities for students to explain their
work and help teach each other, which helps the team build a strong bond that will, hopefully,
extend beyond the classroom. Since the worksheets are graded on how the team works together
and not on completion, the students are more likely to work together than simply rush ahead and
complete the worksheet while the group is left behind. For the instructor, the worksheets provide
a break from lecturing and allow for greater interaction with the students, which produces a more
pleasant outcome and feeling of success than only lecturing.
The rationale behind the homework problems is that they are intended to reinforce the
learning objectives outside of the classroom; however, the homework problems that the author
used come from a previous instructor and, unfortunately, do not align well with the learning
objectives of the course. The author is planning to revise the approach to delivering homework
and other out-of-class materials, and this is discussed in Section 5.2.
The rationale of the two approaches to delivering practice exams is discussed in Section
3.3. The rationale for the examinations is to measure and evaluate student learning in a formal
setting without external aids. The rationale for allowing limited notes is that by creating useful
and condensed sets of notes, the students will spend time actually studying and relearning the
course material. This rationale is based on the author’s own previous experience as a student; the
author has not investigated the literature to determine the effectiveness of this method.
Due to the Covid-19 pandemic and the switch to remote teaching, the implementation of
the formal exams was changed dramatically to adapt to an asynchronous learning environment.
The changes described in Section 3.2 were implemented to reduce the mental and physical stress
on the students required to achieve the goals of this course. The students were given an entire week
to complete the exam to provide students with flexibility approaching the exam and to avoid any
issues in scheduling the exam. The students were allowed to discuss and work on the exam in their
teams for three reasons: first, because they were likely to do so anyway, permitting discussion
removes opportunities for cheating (simply by eliminating cheating altogether); and, second,
permitting discussion allows the students to use the existing Discord channels to communicate and
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for the instructor to participate in the discussion, which both serve to enhance learning; and, third,
a major goal of the course was to promote learning and growth through teamwork. The students
were permitted to use all course materials, including the video solutions for the practice exams,
and this was done to reduce mental stress and to eliminate the possibility of cheating on the exams.
The students were allowed to access the practice exam solutions for three reasons. First,
restricting access creates unnecessary pressure and stress for the students by forcing them to watch
the videos in a certain timeframe that may not be suitable in their current situation. Second, some
students might record the video solutions using screen-capture software or physical cameras, and,
since there is no way for the instructor to police this, it potentially provides some students with an
unfair advantage during the exam. Thus, permitting access to the video solutions during the exam
provides all students with a level playing field. Third, allowing the students to access the video
solutions during the actual exam increases the likelihood that they will actually absorb and apply
the information contained in the videos. The idea is that, by accessing the video solutions while
working the exam – i.e., during a time when they actually need the information – they are more
likely to engage higher cognitive processes by applying the information instead of just trying to
memorize it. The author is considering changes to how exams are implemented, and this is
discussed in Section 5.2.
3.3. Implementation of Practice Exam Approaches and Rationale
This portfolio evaluates the effectiveness of two approaches to delivering practice exams before
the actual formal examination. The first method, the discussion-based approach, focuses on
student-led learning through of team-based discussions of a single problem from the practice
exam. After 10-15 minutes of discussion, the instructor brings the class back together and provides
feedback to the student by answering questions and presenting the approach to the solution. The
rationale of this approach is that it allows the students to work together as a team to attempt the
practice problem and identify learning gaps before receiving feedback from the instructor. The
instructor can then use their attempts to identify additional learning gaps and address these in realtime by answering questions and providing a partial solution on the board. The benefit for the
instructor is that it shifts the responsibility of learning from the instructor to the student and it
prevents the instructor from rushing through solutions on the board. The potential downsides of
this approach are that students don’t necessarily know what they don’t know, and they may not be
able to identify the relevant learning gaps within the time allotted for discussing a particular
problem. Furthermore, some students are faster at analyzing and starting problems than others,
which might result in some students being left behind (this is also an issue with the second
approach, discussed in the next paragraph). Because this method shifts the responsibility of
learning to the student, it may not provide an opportunity for students to reinforce and, in some
cases, relearn the proper approach to solving a particular problem. For the instructor, this approach
requires significantly more effort in terms of controlling the flow of the class, since the instructor
is solely responsible for stopping and starting the discussions. If the instructor is not strict with the
timing of the discussion, the approach can quickly burn class time and prevent the instructor from
addressing all of the practice problems. Moreover, due to the issue of discussion timing, the
approach can leave the instructor feeling disorganized and ineffective.
The second method, the solution-based approach, focuses on instructor-led learning by
having the instructor solve each practice problem on the board while students write down the
solution on their own copy of the practice exam. The instructor also answers any questions that
the student might have while working on the solution or just after the solution. The rationale
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behind this approach is that, because it is instructor-led, it allows the students to learn the process
for solving a problem rather than just a specific solution. The approach naturally possesses a strong
structure that provides ideal opportunities for the instructor to introduce short breaks into the
lecture. Specifically, the completion of a particular problem provides a natural opportunity to
pause and reflect on the lecture while also resetting before proceeding with the next problem. The
approach allows the instructor to plan the order that each problem is presented before giving the
lecture and it is more likely that every problem will be addressed using this approach. Both of
these give the instructor more control and can provide a feeling of effectiveness. The major
perceived downside of this approach is that it is instructor-led, which removes the responsibility
of learning from the student and places it on the instructor. Furthermore, the pace that the instructor
progresses may not match the pace that students absorb information and, as a result, some students
may simply be rushing to copy the solution without the actually learning the solution process.
During the 2019 semester, only the solution-based approach was used to deliver the
practice exams and it will serve as a baseline comparison for the effectiveness of the two methods.
The original plan for the 2020 semester was to use the discussion-based method for the first
midterm, the solution-based approach for the second midterm, and then decide between the two
methods for the final exam based on student performance and instructor feelings. Moreover, the
original plan was to implement both approaches in person and to deliver the practice exams two
days before the midterms and on the Thursday before final exam week. However, only the practice
exam for the first midterm was delivered on the originally planned date because of an unexpected
fire alarm and the switch to remote teaching due to the Covid-19 pandemic. Although the course
had not yet switched to remote teaching on the date of the first midterm exam, a fire alarm went
off in the building approximately one hour before class and we were not permitted to enter the
building until around 15 minutes into the scheduled class time. Consequently, the first midterm
was delayed by two weeks because of the fire alarm and planned instructor travel the following
week. Thus, the students in the 2020 cohort had two additional weeks of time to study for the first
midterm than the 2019 cohort.
Due to the switch to remote teaching, the delivery of the solution-based approach was
changed from synchronous to asynchronous with video solutions taking the place of in-person
solutions. The author took advantage of the natural structure of the solution-based approach and
recorded each solution as a separate video. This provides the students with a natural stopping point
after each video solution. The video solutions were posted on the Monday night or Tuesday
morning before the exam on both Canvas and Discord, and students were permitted unrestricted
access from the moment they were posted. In addition to the video solutions, PDF and Word
versions of the practice exams were posted on both Canvas and Discord along with a PDF version
of the solutions produced in the videos.

4. Benchmark Memo 3: Analysis of Student Learning
This section focuses on determining the effectiveness of each approach to delivering a practice
exam through an analysis of each of the exams in the course. Furthermore, the exam scores and
statistics from the 2020 semester are compared with those from the 2019 semester. In the 2019
semester, the author gave the students a choice between the discussion-based and solution-based
approaches for the first practice midterm and the majority of students chose the solution-based
approach. As a result, the author implemented the solution-based approach for all practice exams
during this semester. In the 2020 semester, the author did not give the students a choice between
the two approaches and, instead, implemented the discussion-based approach for the first midterm
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exam and a modified version of the solution-based approach for the second midterm and final
exam.
4.1. Analysis of Exam Scores
As mentioned previously, the first midterm covers the topics of harmonic oscillators and elastic
waves, which form the first thematic unit of the course. The solution to the practice second
midterm provided in Appendix E and the second midterm is provided in Appendix F.A comparison
of the individual grades for the first midterm is presented for both semesters in Figure 1. The
grades are sorted from lowest to highest and all identifying information has been removed to
protect student identities. A comparison of the aggregate statistics is provided in Table 1 including
the differences between the two semesters. In general, the exam grades are relatively high with the
lowest grade being 83% for both semesters. The reason why the exam grades are high is because
the first midterm covers the least amount of content and, thus, it is the easiest of the three exams.
Individual Scores for Midterm 1

110
2019
2020

100
90
80

Grade [%]

70
60
50
40
30
20
10
0
0

2

4

6

8

10

12

14

16

Student

Figure 1. Comparison of grades for the first midterm exam.
Table 1. A comparison of the aggregate statistics of the first midterm for the 2019 and 2020
semester. Plusses and minuses are included to indicate that increases or decreases in performance.
Semester

Minimum [%]

Maximum [%]

Median [%]

Mean [%]

2019
83
100
97
95.4
2020
83
96
90.2
89.6
Difference
0
-4
-6.8
-5.8
Considering Figure 1, we find that the grades for both semesters follow a comparable trend,
but the grades for 2020 are shifted below those of 2019. In fact, considering Table 1 now, the mean
9

of the grades for the 2019 semester is 95.4% whereas the mean of the 2020 semester is 89.6%,
resulting in a decrease of 5.8%. Additionally, the medians of the 2019 and 2020 semesters are 97%
and 90.2%, respectively, resulting in a decrease of 6.8%. The fact that the grades from 2020 are
consistently less than those from the 2019 semester is interesting given that the students in the
2020 cohort had an additional two weeks to study for the exam. However, due to all of the other
constraints, priorities, and pressures that students face, it is unlikely that the students used the extra
two weeks to study more. Rather, the students most likely delayed any additional studying until
the week of the exam. Note that the students were not surveyed to determine how they used the
extra two weeks and the previous statement is simply an assumption made by the author in this
analysis. Assuming that the students in both semesters studied the same amount, at least on
average, then the difference in grades can be contributed to the delivery of the practice exam.
Specifically, the discussion-based delivery of the practice exam either resulted in students
forgetting information during the extra two weeks before the actual exam or the delivery failed to
remind or reteach students the process for analyzing and solving problems.
The second midterm covers a majority of the topics contained in the thematic unit on
acoustic with only the last three topics left out of the exam. As such, the second midterm is more
difficult than the first midterm, but easier than the cumulative final exam. For the second practice
midterm, the author provided students with video solutions for each problem, which served as a
remote version of the solution-based approach for delivering the practice exam. The solution to
the practice second midterm provided in Appendix G and the second midterm is provided in
Appendix H. The individual grades for both semesters, sorted from lowest to highest are presented
in Figure 2 and a comparison of the aggregate statistics is provided in Table 2.
Individual Scores for Midterm 2

110
2019
2020

100
90
80

Grade [%]

70
60
50
40
30
20
10
0
0

5

10

15

Student

Figure 2. Comparison of grades for the first midterm exam.
Table 2. A comparison of the aggregate statistics of the second midterm for the 2019 and 2020
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semester. Plusses and minuses are included to indicate that increases or decreases in performance.
Semester

Minimum [%]

Maximum [%]

Median [%]

Mean [%]

2019
2020
Difference

72
74
+2

95
95
0

88
84.5
-3.5

86.4
84.7
-2.1

Considering Figure 2, we find that the grades for the two semesters are almost the same
with the grades from 2020 being slightly less than those from 2019. In fact, from Table 2, the mean
of the grades for the 2019 semester is 86.4% whereas the mean of the 2020 semester is 84.7%,
resulting in a decrease of only 2.1%. Additionally, the medians of the 2019 and 2020 semesters
are 88% and 86.4%, respectively, resulting in a decrease of 3.5%. Recall that the students in the
2020 cohort were given an entire week to complete the exam and were also permitted access to
the video solutions and their team while working on the exam. Despite all of the additional
resources and time, the mean and median scores of the 2020 cohort are still less than those of the
2019 cohort. The most likely reason is that the Covid-19 pandemic and the switch to remote
teaching caused the majority of students to suffer significant stress and anxiety and exacerbated
the existing mental health crisis plaguing universities [Brown and Kafka, 2020]. In fact, a survey
completed by Active Minds [2020] found that 91% of the surveyed students reported that they
have suffered additional stress or anxiety due to the Covid-19, 80% reported that the pandemic
negatively impacted their health, and one in five students stated that the pandemic significantly
worsened their mental health. Despite this significant challenge, the students in the 2020 cohort
still managed to score relatively well compared to the 2019 cohort with the decrease in scores
being significantly smaller than that observed in the first midterm. This suggests that not only were
the video solutions effective for preparing or helping the students with the exam, but the other
changes incorporated also helped alleviate mental health challenges that the students faced.
Note that while the mean and median scores decreased, the maximum score remained the
same (95%) and the minimum score actually increased by 2% from 72% to 74%. This suggests
that having access to the video solutions and the other resources helped the lowest performing
student but did not have an effect on the top performing student. It is likely that the top performing
student would perform well on either an in-person, time-limited version of the exam or a takehome version because they have a stronger mastery of the overall content. On the other hand, the
lowest performer is likely to be much more constrained by time limits imposed during an in-person
exam. These hypotheses raise the question about whether or not exams are the best tools for
evaluating mastery of content and the accomplishment of learning objectives; however, this
question is out of the scope of this portfolio and is not examined in greater detail.
Moreover, the fact that the exam scores are comparable for both semesters suggests that
giving the same exam as an in-person exam or as a take-home exam does not affect overall student
performance. This raises the question of whether in-person exams or take-home exams are more
effective for enhancing student learning. On one hand, an in-person, timed exam forces the
students to study before the exam, which often results in the students cramming the night before
or hours before the exam. On the other hand, a take-home exam provides students with the
opportunity to work on the exam over multiple days, allowing them to space out the problems
while reviewing the course materials. However, it is also likely that the students will attempt to
complete the exam in a single session, which is equivalent to cramming. Further comments on
these two approaches are provided in Section 5.2.
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The final exam covers all of the content covered in the course and, as a result, is the most
difficult of the three exams. For the final practice exam, the author provided students with video
solutions for each problem, which served as a remote version of the solution-based approach for
delivering the practice exam. The solution to the practice final exam provided in Appendix I and
the final exam is provided in Appendix J. The individual grades for both semesters, sorted from
lowest to highest are presented in Figure 3 and a comparison of the aggregate statistics is provided
in Table 3.
Individual Scores for Final Exam

110
2019
2020

100
90
80

Grade [%]

70
60
50
40
30
20
10
0
0

2

4

6

8

10

12

14

16

Student

Figure 3. Comparison of grades for the first midterm exam.
Table 3. A comparison of the aggregate statistics of the final exam for the 2019 and 2020 semester.
Plusses and minuses are included to indicate that increases or decreases in performance.
Semester

Minimum [%]

Maximum [%]

Median [%]

Mean [%]

2019
2020
Difference

50
74.5
+24.5

97.5
102.5
+5

71.5
91.3
+19.8

70.3
89.7
+19.4

Considering Figure 3, we find that although the overall trends are comparable for the two
semesters, the students in the 2020 cohort vastly outperformed the students in the 2019 cohort. In
fact, from Table 3, the mean score for the 2019 semester is 70.3% whereas the mean score for the
2020 semester is 89.7%, resulting in an improvement of 19.4%. The median score for the 2019
semester is 71.5% whereas the median score of the 2020 semester is 91.3%, resulting in an
improvement of 19.8%. Furthermore, both the minimum and maximum scores improved in the
2020 semester. The minimum scores are 50% and 74.5% in the 2019 and 2020 semesters,
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respectively, resulting in an improvement of 24.5%. The maximum scores are 97.5% and 102.5 %
in the 2019 and 2020 semesters, respectively, resulting in an improvement of 5%. Due the
substantial improvement in the 2020 semester, the author was suspicious that he was significantly
more lenient in grading the final exams for the 2020 cohort than the 2019 cohort (note that
instructors were asked to be more lenient in grading final exams in the 2020 semester due to the
Covid-19 pandemic). However, the author compared the grading of final exams with the lowest
scores, scores around 75%, scores around 90%, and the highest scores from each semester. From
this comparison, the author found that the grading approach was comparable for both semesters
and that the 2020 students simply performed better than the 2019 students.
The substantial improvement in the mean and median scores of the 2020 cohort compared
to the 2019 cohort suggests that, by the time of this exam, the students had established effective
routines for studying and completing assignments, which allowed them to take better advantage
of the available resources for the exam. This also suggests that the solution-based approach is
more effective in helping the students because it provides them with the completed solutions that
they can refer to whereas the discussion-based approach does not provide any completed solutions.
Of the four statistics, the minimum score improved the most (by 24.5%) in the 2020 semester
compared to the 2019 semester whereas the maximum score improved the least (by only 5%). This
indicates that the lowest performing students benefit the most from having more resources and
time to complete the exam, but that the additional resources do not affect the top performing
students. The reason that the resources do not significantly benefit the top performing students is
twofold: first, there is little room for improvement near the maximum exam score (103% for this
exam); second, and more importantly, the top performing students most likely spend the same
amount of time completing the exam outside of the class as they would spend studying for and
completing an in-class exam. Moreover, these students are the most likely to have mastered the
content during the semester and, consequently, will not benefit significantly from having access
to all course materials during the exam. Conversely, the lowest scoring students are, on average,
most likely to have not completely mastered the content throughout the semester and, thus, benefit
greatly from been able to access the course materials when attempting to apply the concepts. In
terms of practice exam approaches, the discussion-based approach does not provide the students
with solutions to the practice exam, which most likely harms the lowest scoring students while not
affecting the highest performing students.
4.2. Analysis of the Student Survey
The end-of-the-semester course survey was used to probe the feelings and thoughts of the students
regarding the effectiveness of the two approaches for delivering the practice exams. The author
augmented the existing survey with the following statements:
1.
2.
3.
4.
5.
6.

I felt well-prepared going into the first midterm.
The in-class discussion of the first practice exam helped me a lot.
I felt well-prepared going into the second midterm.
The video solutions for the second practice exam helped me a lot.
I felt more prepared for the first midterm than the second midterm.
I prefer to work in my team on the practice midterms over having the instructor solve them
on the board.

The first and second questions concern the first midterm alone whereas the third and fourth
question focuses on only the second midterm. The last two questions focus on a comparison of the
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two approaches to delivering the practice exams. The students were asked to choose between
Strongly Disagree, Disagree, Indifferent, Agree, and Strongly Agree for each of the statements and
the raw response results are presented in Figure 4.

Figure 4. The results of the student survey for the six questions regarding the two approaches for
delivering the practice exams.
Based on the first and third questions, a majority of the students felt well-prepared for both
the first and second midterms with eight students selecting agree in both cases. However, based
on the second and fourth questions, the students felt that they benefitted more from the team-based
discussions of the practice exams than from the pre-recorded video solutions. This is interesting
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because for the first midterm the students discussed the practice exams in their teams, but they
were not allowed to utilize their teams when completing the actual exam. However, for second
midterm, they were not required to work on the practice exam in their teams but were allowed
access to their team when working on the actual exam. This indicates that even though the students
were allowed to work on an exam in their teams, they likely did not study together or work together
on the exam.
The response results for fifth question indicate that the majority of the students felt more
prepared for the first midterm than they did for the second midterm. This is likely due to the switch
to remote teaching and the Covid-19 pandemic as well as the fact that, because the second midterm
was given as a take-home exam, the students likely did not review the course material until actually
working on the exam. The response results for the sixth question indicate that the students either
do not care which approach to the delivering the practice exam is used or they prefer the teambased approach to delivering the practice exam. This result contradicts the raw exam scores
discussed in Section 4.1., where it was shown that the students performed better when the solutionbased approach was used.

5. Summary and Reflection
5.1. Summary
This portfolio accomplished two aims: first, the portfolio documented the author’s approach to
teaching and provided an opportunity for the author to reflect on and improve his approach; second,
this portfolio evaluated and compared the effectiveness of two approaches to delivering practice
exams. The approaches were evaluated based on comparison of examinations grades from both
semesters, instructor feelings and thoughts, and through an end-of-the-semester survey completed
by the students in the 2020 semester. The students reported that they felt equally prepared when
either approach was used to deliver a practice exam, but the comparison of the grades showed that
they performed better when the solution-based approach is implemented. Furthermore, the
instructor felt that the discussion-based approach was highly disorganized, and it left the instructor
feeling unsuccessful at the end of the class.
5.2. Reflection and Future Changes
After completing this portfolio, the author believes that neither approach is effective on its own
and that a hybrid approach should be implemented. The hybrid approach that the author plans to
implement in the future is to have the students work on the practice exam in their teams as if it
were a normal worksheet, but without grading the assignment and also providing a completed
solution to all of the students at the end of the class period. The author also plans to ask the students
to identify areas where they feel uncomfortable with the problems or where they commonly make
mistakes, such that the author can address these areas before the exam.
Overall, the exam results showed that the students perform equally when the exam is
provided in-class or as a take home exam. Thus, the author plans to make most exams take home
and use the recovered class time to explore the existing course topics and learning objectives at
deeper levels. The author will teach MECH 416/816 again in the Spring 2021 semester, and,
depending on the teaching situation, the author plans to implement the first exam in a take-home
format to compare with the previous exams. The author is also debating whether to give part of
the exam in-person and part of it as take home. Additionally, the author is also debating giving the
entire exam as take-home but staggering the assignment and due dates of each problem, such that
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the students are forced to work on a single problem at a time. The author is planning to test out
these approaches in the future.
As mentioned previously, the homework assignments do not support the learning
objectives for this course and the author is planning to remove and replace the current homework
problems. The author will take a mixed approach of reworking the existing homework problems
and transforming the longer worksheets into homework problems. The existing problems will be
rewritten to fit the author’s teaching approach and to support the learning objectives of the course.
The worksheets that were too long for a single class period will be transformed into homework
problems and replaced with related problems that can be completed in a single class period.

6. References
Active Minds, “Covid-19 Impact on College Student Mental Health,” activeminds.org, 2020.
https://www.activeminds.org/wp-content/uploads/2020/04/Student-Survey-Infographic.pdf
Brown, S. and Kafka, A.C., “Covid-19 Has Worsened the Student Mental-Health Crisis. Can
Resilience Training Fix It?” The Chronicle of Higher Education, 2020.
https://www.chronicle.com/article/Covid-19-Has-Worsened-the/248753
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Appendices
A. Original Course Syllabus

MECH 416/816: Engineering Acoustics
Spring 2020
Instructor:
Prof. Keegan J. Moore, W336 Nebraska Hall, kmoore@unl.edu
Office hours: Mondays and Wednesdays 2:30-3:30pm (W336 NH)
Lectures:
2-3:15pm Tuesday, Thursday, W129 Nebraska Hall
Course Website:
We will use a software called Discord for all course communication and website functions. Discord
is a cross-platform voice and text chat application originally designed for gamers. All homework,
solutions, and handouts will be posted to Discord and you will be expected to download the them
from there. We will use Discord to facilitate group discussions and for questions on assignments.
Please create a Discord account and join the server using this link below, which is permanent and
will not expire. After joining the server, please private message the instructor(s) so we can set your
nickname to your real name and assign you to the proper team. This will help YOU work with
your groups and avoid confusion. Discord is available for Windows, MacOS, iOS, Android, and
directly through a web browser. You must confirm your email with Discord to be able to join the
server.
Discord Download: https://discordapp.com/ Discord Server: https://discord.gg/NN2sJtc
Required Textbook:
L.E. Kinsler, A.R. Frey, A.B. Coppens, J.V. Sanders, “Fundamentals of Acoustics” (4th Edition),
Wiley, 1999 (recommended).
Additional reading material, handouts and notes will be provided by the instructor.
Catalog Description:
Transverse and longitudinal traveling waves. Acoustic wave equation of fluids. The reflection,
transmission, radiation, reception, absorption, and attenuation of sound. Acoustic cavities and
waveguides. Sound propagation in pipes, resonators and filters. Prerequisites: MECH 310 and
MATH 221/MATH 821. Credits Hours: 3
Learning Objectives:
By the end of this course, students will be able to:
1. Analyze and predict the response of simple vibrating systems including harmonic
oscillators, strings, bars, and membranes.
2. Determine the appropriate boundary conditions and underlying assumptions governing
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3.
4.
5.
6.

the response of vibrational and acoustic systems.
Analyze acoustical systems using fundamental theory and predict the resulting response
for a variety of conditions.
Manipulate the propagation of acoustic waves through the design of wave guides,
resonators, pipes, and filters.
Evaluate and assess proposed design solutions on their effectiveness of manipulating and
controlling acoustic waves.
Analyze the effects of interfaces between different media on acoustic propagation
including normal and oblique transmission and through a fluid layer.

Course Grade:
Based solely on the end of the semester overall percentage. Cut-off percentages for letter grades
will be determined by the instructor at the end of the semester.
Grade Breakdown:
Homework
In-class Activities
Midterm 1
Midterm 2
Final Exam
TOTAL

20%
30%
15%
15%
20%
100%

Attendance & Absence Policy:
Attendance will not be taken every class period, but it is strongly recommended that you attend
every scheduled class. You (not the instructor) are responsible for any missed information
concerning quiz and exam dates and coverage, class notes and information regarding the
homework assignments. You will be given a zero for any missed exam or quiz unless advance
notice is given to the instructor and arrangements can be made for any make-up work. If you miss
an exam or quiz without giving prior notice, you will have to document the reason for your absence
(doctor’s excuse, etc.) if you expect to make up the work.
Teams and Cooperative Learning:
This course will emphasize cooperative learning. Teamwork will be required throughout the
semester and will be used to develop communication skills. A team will consist of three people.
The general rules regarding the “team” are
1. The instructor will form teams (but students are asked to submit names they may wish to
work with for their team) during the first week of the semester. Once formed, teams will
be expected to submit a name for their team. Changes will only be made due to schedule
conflicts, etc. and can only be made upon petition of the instructor.
2. Unless specified, for work involving the team, each team will submit one set of solutions
and each member of the team will receive the same grade for that assignment. However,
each member is responsible for understanding all of the problems for examinations.
3. If an individual is dissatisfied with the team and wants to quit, he/she must petition the
instructor for permission; if you do quit, you will have to link up with another group or
work on your own.
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4. If the group decides that one of the members is not pulling his/her weight in the process,
that group may petition the instructor to “fire” that member; if that person is fired, they
must join another team, or they will have to work alone.
5. Teams will be evaluated at the end of the semester, i.e., there will be a penalty if your team
must carry you! At the end of the semester, bonus points (up to 5% added to classwork
grade) will be given to those teams that are effective.
Homework
The homework assignments will be distributed by the instructor through Discord and will be due
on specified dates as determined by the instructor. Each team will submit a single copy of the
homework assignment. Due to logistical constraints and reasons of fairness to your fellow
students, late homework will not be accepted. You should always complete a symbolic solution
first and then substitute the numerical values for each variable to obtain the numerical solution.
Details are required for full credit, including schematics where applicable.
You must use only one side of paper and the paper must be is 8½” by 11” and of good quality
(i.e., no scrap computer paper or notebook paper with “fuzzy” edges). Any graphs turned in must
be done on “real” graph paper or generated with computer software.
Solutions to the homework problems will be distributed by the instructor through Discord or
similar method after the specified due date.
In-class Activities:
Example problems will be discussed and solved during the class sessions. Most of these will be
done as teams, either the assigned homework teams or ad hoc teams set up for that class period.
Members of teams are encouraged to work together in class and engage in intense discussions on
these problems.
You may not have time to complete the problems in the class time, but the interaction and the
process of thinking will help to cement the concepts. Some of these problems will be collected for
grading purposes. Those that do not attend class will not receive credit for the assignment. Quizzes
will also be used as in-class activities.
Exams:
Please mark your calendars and plan accordingly, since, due to logistical constraints and reasons
of fairness to your fellow students no conflict exams will be given; the only exceptions could be
for medical reasons and provided that the necessary medical certifications are provided to the
instructor.
Midterm 1: W129 Nebraska Hall, 2-3:15 pm Thursday, February 6th, 2020.
Midterm 2: W129 Nebraska Hall, 2-3:15 pm Thursday, April 9th, 2020.
Final Exam: W129 Nebraska Hall, 1-3pm Wednesday, May 6th, 2020.
For each exam, you will be allowed one sheet of 8.5” by 11” of paper worth of notes (front and
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back allowed) plus those sheets used in previous exams. This means that for Midterm 1, you can
only have one two-page sheet, but for Midterm 2 you can have the sheet from Midterm 1 and a
new two-page sheet. The final exam will be comprehensive, and you will be allowed to use a total
of three (3) two-page sheets worth of notes.
Calculators are allowed, but not required for the exams, provided that they cannot access the
internet or store text documents (the instructor will check each student’s calculator to ensure they
are usable). No other notes, books, papers, computers, cell/smart phones or anything other than
that stated by the professor will be allowed during the exam. Use of a cell phone or computer on
an exam will be considered cheating and will result in a zero for the exam and, potentially, an F
for the course. Academic dishonesty and misconduct will be severely penalized in this course.
If a question about the scoring of an exam arises (addition of points, assignment of partial credit,
etc.), the student should write out a note describing the discrepancy, attach the note to the exam
and resubmit the exam to the instructor for review. This must be done within one week of return
of the exam. After one week, exam scores will NOT be changed.
Academic Honesty Policy:
Acts of academic dishonesty, include but are not limited to the following:
1. Cheating: Copying or attempting to copy from an academic test or examination of another
student; using or attempting to use unauthorized materials, information, notes, study aids
or other devices for an academic test, examination or exercise; engaging or attempting to
engage the assistance of another individual in misrepresenting the academic performance
of a student; or communication information in an unauthorized manner to another person
for an academic test, examination or exercise.
2. Fabrication or Falsification: Falsifying or fabricating any information or citation in any
academic exercise, work, speech, research, test or examination. Falsification is the
alteration of information, while fabrication is the invention or counterfeiting of
information.
3. Plagiarism: Presenting the work of another as one’s own (i.e., without proper
acknowledgement of the source) and submitting examination, theses, reports, speeches,
drawings, laboratory notes or other academic work in whole or in part as one’s own when
such work has been prepared by another person or copied from another person. Materials
covered by this prohibition include, but are not limited to, text, video, audio, images,
photographs, websites, electronic and online materials, and other intellectual property.
4. Abuse of Academic Materials: Destroying, defacing stealing, or making inaccessible
library or other academic resource material.
5. Complicity in Academic Dishonesty: Helping or attempting to help another student to
commit an act of academic dishonesty.
6. Falsifying Grade Reports: Changing or destroying grades, scores or marking on an
examination or in a faculty member’s records.
7. Impermissible Collaboration: Collaborating on any academic exercise, work, speech, test
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or examination unless expressly authorized by the faculty member. It is the obligation of
the student to know whether collaboration is permitted.
8. Misrepresentation to Avoid Academic Work: Misrepresentation by fabrication an
otherwise justifiable excuse such as illness, injury, accident, etc., in order to avoid or delay
timely submission of academic work or to avoid or delay the taking of a test or examination.
Any student found guilty of academic dishonesty will be subject to academic and disciplinary
sanctions as specified by the University policy (see Student Code of Conduct, Section B. Conduct
– Rules and Regulations, 1. Acts of Academic Dishonesty). The Instructor will determine the
appropriate academic sanction, which may be as severe as giving the student a failing grade in the
course, based on the gravity of the misconduct committed.
Classroom Conduct & Expectations:
All students are expected to behave in a respectful and appropriate manner in class. Students acting
in a manner that is disruptive or impedes learning will be asked to leave the class. Students that
are asked to leave will be required to meet with the instructor and may be subject to disciplinary
action as described by the University Policies.
Cell Phones, Mobile Devices, Laptops:
The use of cell phones, smartphones, and other electronic devices is prohibited during class. Cell
phones and smartphones need to be placed into “silent/vibrate mode” during class or turned off.
Laptops and tablets are permitted for the purpose of taking notes, software training and performing
in-class activities only and are not to be used for e-mail, instant messaging, Facebook, Twitter, or
other non-class activities.
ADA and Accommodation:

Students with disabilities are encouraged to contact the instructor for a
confidential discussion of their individual needs for academic accommodation.
It is the policy of the University of Nebraska-Lincoln to provide flexible and
individualized accommodation to students with documented disabilities that
may affect their ability to fully participate in course activities or to meet course
requirements. To receive accommodation services, students must be registered
with the Services for Students with Disabilities (SSD) office, 232 Canfield
Administration, 472-3787 voice or TTY.
References
1. Pierce, A., “Acoustics: An Introduction to Its Physical Principles and Applications,”
Springer International Publishing, 3rd Edition, 2019.
2. Skudrzyk, E., “The Foundations of Acoustics,” Springer-Verlag, New York, 1971.
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MECH 416/816: Engineering Acoustics – Tentative Course Outline
Week Date
Topics
Text
Elastic Waves
1
01/14
Welcome to MECH 416/816; Equation of Motion of Harmonic Ch. 1
Oscillator; Energy of Vibration

2

01/16
01/21

Power Relations; Mechanical Resonance
Derivation of Wave Equation for Transverse Oscillations in a Ch. 2 & 3
String

01/23
3

01/28

Boundary Conditions (WS1)
Method of Coordinates; Wave Nature of General Solution; Ch. 2 & 3
Solution by Separation of Variables

4

01/30
02/04

Solution by Separation of Variables (WS2)
Exam Review

Ch. 1-3

5

02/06
02/11

Equations of State & Continuity; Linear Wave Equation
Instructor Travel: No class all week.

Ch. 4

02/13

Ch. 5

6

02/18

Handouts on Derivation of Wave Eq. for 2D Membrane
Acoustic Waves
Speed of Sound; Velocity Potential; Plane & Standing Waves

7

02/20
02/25

First Midterm Exam (Ch. 1-3)
Energy Density; Acoustic Intensity; Decibel Scale

Ch. 5

8

02/27
03/03

Spherical Waves (WS3)
Changes in Media; Normal & Oblique Transmission

Ch. 6

9

03/05
03/10

Transmission Through a Fluid Layer (WS4)
Rectangular Cavity; Waveguide of Constant Cross Section

Ch. 9

10

03/12
03/17

Cylindrical Cavity (WS5)
Resonance in Pipes; Power Radiation

Ch. 10

03/19

Ch. 10

11
12

03/31

Behavior of a Driver-Pipe System (WS6)
Spring Break
Helmholtz Resonator (WS7)

13

04/02
04/07

Reflection & Transmission in Pipes (WS8)
Exam Review

14

04/09
04/14

Second Midterm Exam
Acoustic Impedance; Acoustic Filters

22

Ch. 5, 6,
9, & 10
Ch. 10

04/16
15

04/21

Acoustic Filters (WS9)
Effects of Sources and Media
Radiation from Pulsating Sphere, Radiation Impedance

16

04/23
04/28

Open Day – Non-reciprocal Acoustics: Lattices and Waveguides Research
Course Review
Ch. 1-10

17

04/30
05/06

Practice Final Exam
Final Exam: 1-3 pm

Ch. 7

Ch. 1-10
Ch. 1-10
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B. Course Syllabus Amended for Remote Teaching

MECH 416/816: Engineering Acoustics
Spring 2020
Instructor:
Prof. Keegan J. Moore, W336 Nebraska Hall, kmoore@unl.edu
Office hours: Mondays and Wednesdays 2:30-3:30pm (W336 NH)
Office hours: Wednesdays 2:30-3:30pm held through Zoom or Discord.
Lectures:
2-3:15pm Tuesday, Thursday, W129 Nebraska Hall
Live Q&A and Worksheet Guidance: 2-3:15pm Tuesday and Thursday through Zoom or Discord.
Communication Plan:
All changes in the course will be posted and explained through Discord and an announcement will
be made through Canvas. Regular communication between the instructor and students will occur
through live question and answer sessions hosted during normal class hours using Zoom or
Discord. Discord will be used for communication outside of regular class hours.
Students can contact the instructor through email, Canvas, or Discord. However, the best option is
to message the instructor directly through Discord as the instructor will be able to respond through
Discord within an hour during normal working hours.
Remote Teaching Plan:
Lectures will be replaced with pre-recorded videos stored on Vid-Grid and posted on both Canvas
and Discord. Live question and answer sessions will be hosted during regular class hours and by
appointment as well through Zoom and Discord. Any additional question and answer sessions
hosted outside of regular class time will be open to all students and will be hosted through Discord
or Zoom.
All lecture notes have already been posted on Discord and Canvas as PDF files, and any changes
or amendments to the notes will be posted as quickly as possible on both Discord and Canvas.
Additionally, the PI will share a Box folder with all students that contains all of the notes for the
entire semester.
Team worksheets will be offered on both a synchronous and asynchronous basis. Specifically, the
instructor will post the worksheets on both Canvas and Discord on the evening before the planned
worksheet class. Student’s will have two options for completing the worksheet:
1. During scheduled class time using either Discord or Zoom.
2. Together as a team outside of scheduled class time using Discord.
In either case, each team must submit a completed worksheet as a PDF uploaded to Canvas by
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11:59pm on the day the worksheet is scheduled in class. All students will have at least 24 hours to
complete the worksheet. Due logistical constraints, the instructor will only be able to help guide
discussions during the scheduled class times.
Assessment Plan
Team worksheets will be graded based on participation and completion. Each team will submit a
single worksheet for grading and all team members will receive the same grade for that worksheet.
The worksheets will be submitted as a PDF uploaded to Canvas.
Homework will still be completed in teams and each team will still submit a single copy for
grading. All team members will receive the same grade for the homework assignment. Homework
should be submitted as a PDF uploaded to Canvas.
Exams will be given as take-home/self-pace exams instead of in-class exams. Students will be
allowed to discuss the exam with the instructor and their team members; however, each student
must produce their own solution. The rules for each exam will be as follows:
1. You may refer to the lecture notes, homework solutions, worksheet solutions, textbook,
and the formula sheets that you have prepared for the in-class exams. You are NOT allowed
to refer to any other material (this includes Chegg and similar websites).
2. You are allowed to talk to the professor and your teammates about the exam, but each
person must turn in their own handwritten copy of the exam. While you are allowed to
work with your teams on the exam, blatant copying of a single solution will result in a
grade of zero for everyone in the team. This includes copying a solution but changing the
variables or introducing arbitrary mistakes into the work. You are expected to produce your
own solution to the exam based on discussion of the problems with the instructor and your
team.
3. You are allowed to use software like Maple, Mathematica, MATLAB, and so on but you
MUST include all of the input and output results from the software in the exam.
4. The completed exam must be submitted as a PDF uploaded directly to Canvas.
The exam schedule has been modified and is now listed below:
Midterm 2: Assigned Thursday, April 16, 2020. Due 11:59pm Thursday, April 23, 2020.
Final Exam: Assigned Thursday, April 30, 2020. Due 11:59pm Thursday, May 7th, 2020.
Back-up Plans:
If Discord and Zoom become overloaded with traffic and this prevents synchronous meetings, all
team assignments will be swapped to individual assignments.
In the event that the original instructor is unable to finish teaching the course, Dr. Joseph Turner
or Dr. Musa Norouzian will take over as primary instructor for the remainder of the semester.
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Course Website:
We will use a software called Discord for all course communication and website functions. Discord
is a cross-platform voice and text chat application originally designed for gamers. All homework,
solutions, and handouts will be posted to Discord and Canvas. You will be expected to download
the them from there. We will use Discord to facilitate group discussions and for questions on
assignments.
Please create a Discord account and join the server using this link below, which is permanent and
will not expire. After joining the server, please private message the instructor(s) so we can set your
nickname to your real name and assign you to the proper team. This will help YOU work with
your groups and avoid confusion. Discord is available for Windows, MacOS, iOS, Android, and
directly through a web browser. You must confirm your email with Discord to be able to join the
server.
Discord Download: https://discordapp.com/ Discord Server: https://discord.gg/NN2sJtc
Required Textbook:
L.E. Kinsler, A.R. Frey, A.B. Coppens, J.V. Sanders, “Fundamentals of Acoustics” (4 th Edition),
Wiley, 1999 (recommended).
Additional reading material, handouts and notes will be provided by the instructor.
Catalog Description:
Transverse and longitudinal traveling waves. Acoustic wave equation of fluids. The reflection,
transmission, radiation, reception, absorption, and attenuation of sound. Acoustic cavities and
waveguides. Sound propagation in pipes, resonators and filters. Prerequisites: MECH 310 and
MATH 221/MATH 821. Credits Hours: 3
Learning Objectives:
By the end of this course, students will be able to:
1. Analyze and predict the response of simple vibrating systems including harmonic
oscillators, strings, bars, and membranes.
2. Determine the appropriate boundary conditions and underlying assumptions governing
the response of vibrational and acoustic systems.
3. Analyze acoustical systems using fundamental theory and predict the resulting response
for a variety of conditions.
4. Manipulate the propagation of acoustic waves through the design of wave guides,
resonators, pipes, and filters.
5. Evaluate and assess proposed design solutions on their effectiveness of manipulating and
controlling acoustic waves.
6. Analyze the effects of interfaces between different media on acoustic propagation
including normal and oblique transmission and through a fluid layer.
Course Grade:
Based solely on the end of the semester overall percentage. Cut-off percentages for letter grades
will be determined by the instructor at the end of the semester.
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Grade Breakdown:
Homework
In-class Activities
Midterm 1
Midterm 2
Final Exam
TOTAL

20%
30%
15%
15%
20%
100%

Attendance & Absence Policy:
Attendance will not be taken every class period, but it is strongly recommended that you attend
every scheduled class Zoom or Discord meetings on Tuesdays and Thursdays. You (not the
instructor) are responsible for any missed information concerning quiz and exam dates and
coverage, class notes and information regarding the homework assignments. You will be given a
zero for any missed exam or quiz unless advance notice is given to the instructor and arrangements
can be made for any make-up work. If you miss an exam or quiz without giving prior notice, you
will have to document the reason for your absence (doctor’s excuse, etc.) if you expect to make up
the work.
Teams and Cooperative Learning:
This course will emphasize cooperative learning. Teamwork will be required throughout the
semester and will be used to develop communication skills. A team will consist of three people.
The general rules regarding the “team” are
1. The instructor will form teams (but students are asked to submit names they may wish to
work with for their team) during the first week of the semester. Once formed, teams will
be expected to submit a name for their team. Changes will only be made due to schedule
conflicts, etc. and can only be made upon petition of the instructor.
2. Unless specified, for work involving the team, each team will submit one set of solutions
and each member of the team will receive the same grade for that assignment. However,
each member is responsible for understanding all of the problems for examinations.
3. If an individual is dissatisfied with the team and wants to quit, he/she must petition the
instructor for permission; if you do quit, you will have to link up with another group or
work on your own.
4. If the group decides that one of the members is not pulling his/her weight in the process,
that group may petition the instructor to “fire” that member; if that person is fired, they
must join another team, or they will have to work alone.
5. Teams will be evaluated at the end of the semester, i.e., there will be a penalty if your team
must carry you! At the end of the semester, bonus points (up to 5% added to classwork
grade) will be given to those teams that are effective.
Homework
The homework assignments will be distributed by the instructor through Discord and will be due
on specified dates as determined by the instructor. Each team will submit a single copy of the
homework assignment. Due to logistical constraints and reasons of fairness to your fellow
students, late homework will not be accepted. You should always complete a symbolic solution
first and then substitute the numerical values for each variable to obtain the numerical solution.

27

Details are required for full credit, including schematics where applicable.
You must use only one side of paper and the paper must be is 8½” by 11” and of good quality
(i.e., no scrap computer paper or notebook paper with “fuzzy” edges). Any graphs turned in must
be done on “real” graph paper or generated with computer software.
Homework should be turned in by uploading a PDF copy to directly to the Canvas assignment.
Solutions to the homework problems will be distributed by the instructor through Discord or
similar method and Canvas after the specified due date.
In-class Activities:
Example problems will be discussed and solved during the class sessions. Most of these will be
done as teams, either the assigned homework teams or ad hoc teams set up for that class period.
Members of teams are encouraged to work together in class and engage in intense discussions on
these problems.
You may not have time to complete the problems in the class time, but the interaction and the
process of thinking will help to cement the concepts. Some of these problems will be collected for
grading purposes. Those that do not attend class will not receive credit for the assignment. Quizzes
will also be used as in-class activities.
All worksheets will be performed during scheduled class time using Zoom or Discord or
asynchronously as teams.
Exams:
Please mark your calendars and plan accordingly, since, due to logistical constraints and reasons
of fairness to your fellow students no conflict exams will be given; the only exceptions could be
for medical reasons and provided that the necessary medical certifications are provided to the
instructor.
Midterm 1: W129 Nebraska Hall, 2-3:15 pm Thursday, February 6th, 2020.
Midterm 2: 2-3:15 pm Thursday, April 9th, 2020.
Midterm 2: Assigned Thursday, April 16, 2020. Due 11:59pm Thursday, April 23, 2020.
Final Exam: W129 Nebraska Hall, 1-3pm Wednesday, May 6th, 2020.
Final Exam: Assigned Thursday, April 30, 2020. Due 11:59pm Thursday, May 7th, 2020.
For each exam, you will be allowed one sheet of 8.5” by 11” of paper worth of notes (front and
back allowed) plus those sheets used in previous exams. This means that for Midterm 1, you can
only have one two-page sheet, but for Midterm 2 you can have the sheet from Midterm 1 and a
new two-page sheet. The final exam will be comprehensive, and you will be allowed to use a total
of three (3) two-page sheets worth of notes.
Calculators are allowed, but not required for the exams, provided that they cannot access the

28

internet or store text documents (the instructor will check each student’s calculator to ensure they
are usable). No other notes, books, papers, computers, cell/smart phones or anything other than
that stated by the professor will be allowed during the exam. Use of a cell phone or computer on
an exam will be considered cheating and will result in a zero for the exam and, potentially, an F
for the course. Academic dishonesty and misconduct will be severely penalized in this course.
If a question about the scoring of an exam arises (addition of points, assignment of partial credit,
etc.), the student should write out a note describing the discrepancy, attach the note to the exam
and resubmit the exam to the instructor for review. This must be done within one week of return
of the exam. After one week, exam scores will NOT be changed.
Academic Honesty Policy:
Acts of academic dishonesty, include but are not limited to the following:
1. Cheating: Copying or attempting to copy from an academic test or examination of another
student; using or attempting to use unauthorized materials, information, notes, study aids
or other devices for an academic test, examination or exercise; engaging or attempting to
engage the assistance of another individual in misrepresenting the academic performance
of a student; or communication information in an unauthorized manner to another person
for an academic test, examination or exercise.
2. Fabrication or Falsification: Falsifying or fabricating any information or citation in any
academic exercise, work, speech, research, test or examination. Falsification is the
alteration of information, while fabrication is the invention or counterfeiting of
information.
3. Plagiarism: Presenting the work of another as one’s own (i.e., without proper
acknowledgement of the source) and submitting examination, theses, reports, speeches,
drawings, laboratory notes or other academic work in whole or in part as one’s own when
such work has been prepared by another person or copied from another person. Materials
covered by this prohibition include, but are not limited to, text, video, audio, images,
photographs, websites, electronic and online materials, and other intellectual property.
4. Abuse of Academic Materials: Destroying, defacing stealing, or making inaccessible
library or other academic resource material.
5. Complicity in Academic Dishonesty: Helping or attempting to help another student to
commit an act of academic dishonesty.
6. Falsifying Grade Reports: Changing or destroying grades, scores or marking on an
examination or in a faculty member’s records.
7. Impermissible Collaboration: Collaborating on any academic exercise, work, speech, test
or examination unless expressly authorized by the faculty member. It is the obligation of
the student to know whether collaboration is permitted.
8. Misrepresentation to Avoid Academic Work: Misrepresentation by fabrication an
otherwise justifiable excuse such as illness, injury, accident, etc., in order to avoid or delay
timely submission of academic work or to avoid or delay the taking of a test or examination.

29

Any student found guilty of academic dishonesty will be subject to academic and disciplinary
sanctions as specified by the University policy (see Student Code of Conduct, Section B. Conduct
– Rules and Regulations, 1. Acts of Academic Dishonesty). The Instructor will determine the
appropriate academic sanction, which may be as severe as giving the student a failing grade in the
course, based on the gravity of the misconduct committed.
Classroom Zoom and Discord Meeting Conduct & Expectations:
All students are expected to behave in a respectful and appropriate manner in class. Students acting
in a manner that is disruptive or impedes learning will be asked to leave the class. Students that
are asked to leave will be required to meet with the instructor and may be subject to disciplinary
action as described by the University Policies.
Cell Phones, Mobile Devices, Laptops:
The use of cell phones, smartphones, and other electronic devices is prohibited during class. Cell
phones and smartphones need to be placed into “silent/vibrate mode” during class or turned off.
Laptops and tablets are permitted for the purpose of taking notes, software training and performing
in-class activities only and are not to be used for e-mail, instant messaging, Facebook, Twitter, or
other non-class activities.
ADA and Accommodation:

Students with disabilities are encouraged to contact the instructor for a
confidential discussion of their individual needs for academic accommodation.
It is the policy of the University of Nebraska-Lincoln to provide flexible and
individualized accommodation to students with documented disabilities that
may affect their ability to fully participate in course activities or to meet course
requirements. To receive accommodation services, students must be registered
with the Services for Students with Disabilities (SSD) office, 232 Canfield
Administration, 472-3787 voice or TTY.
References
1. Pierce, A., “Acoustics: An Introduction to Its Physical Principles and Applications,”
Springer International Publishing, 3rd Edition, 2019.
2. Skudrzyk, E., “The Foundations of Acoustics,” Springer-Verlag, New York, 1971.
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MECH 416/816: Engineering Acoustics – Tentative Course Outline
Week Date

Topics

Text

1

01/14

Elastic Waves
Welcome to MECH 416/816; Equation of Motion of Harmonic Ch. 1
Oscillator; Energy of Vibration

2

01/16
01/21

Power Relations; Mechanical Resonance
Derivation of Wave Equation for Transverse Oscillations in a Ch. 2 & 3
String

3

01/23
01/28

Boundary Conditions (WS1)
Method of Coordinates; Wave Nature of General Solution; Ch. 2 & 3
Solution by Separation of Variables

4

01/30
02/04

Solution by Separation of Variables (WS2)
Exam Review

Ch. 1-3

5

02/06
02/11

Equations of State & Continuity; Linear Wave Equation
Instructor Travel: No class all week.

Ch. 4

02/13

Ch. 5

6

02/18

Handouts on Derivation of Wave Eq. for 2D Membrane
Acoustic Waves
Speed of Sound; Velocity Potential; Plane & Standing Waves

7

02/20
02/25

First Midterm Exam (Ch. 1-3)
Energy Density; Acoustic Intensity; Decibel Scale

Ch. 5

8

02/27
03/03

Spherical Waves (WS3)
Changes in Media; Normal & Oblique Transmission

Ch. 6

9

03/05
03/10

Transmission Through a Fluid Layer (WS4)
Rectangular Cavity; Waveguide of Constant Cross Section

Ch. 9

10

03/12
03/17

Cylindrical Cavity (WS5)
Resonance in Pipes; Power Radiation

Ch. 10

03/19

Ch. 10

Ch. 10

11
12

03/31

Behavior of a Driver-Pipe System (WS6)
Spring Break
Videos: Resonance in Pipes; Standing Wave Patterns

13

04/02
04/07

Behavior of a Driver-Pipe System (WS6)
Helmholtz Resonator (WS7)

04/09

Reflection & Transmission in Pipes (WS8)
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14

04/14

Video: Exam Review

15

04/16
04/21

Second Midterm Exam Assigned
Videos: Acoustic Impedance; Acoustic Filters

04/23

Second Midterm Due
Acoustic Filters (WS9)
Effects of Sources and Media
Videos: Radiation from Pulsating Sphere, Radiation Impedance

16

04/28
04/30

17

05/07

Ch. 5, 6,
9, & 10

Videos: Course Review; Practice Final Exam;
Final Exam Assigned
Final Exam Due
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Ch. 10

Ch. 10
Ch. 7
Ch. 1-10
Ch. 1-10

C. Example of a Lecture-Replacement Worksheet

MECH 416/816: Engineering Acoustics, Spring 2020
Worksheet #1: Boundary Conditions
1. The Linear, Vertical Spring (25 pts)

Consider the following string with a linear, vertical spring installed on
its left end. The string has a non-constant mass distribution of 𝑚(𝑥),
internal non-constant tension of 𝑇(𝑥 ), and vertical displacement of
𝑣 (𝑥, 𝑡). The spring has a stiffness of 𝑘 and is located at 𝑥 = 0.

To find the boundary condition, first perform a balance of vertical forces (hint: the force due to the
spring is −𝑘𝑣(𝑥, 𝑡)𝛿(𝑥) where 𝛿(𝑥) is the Dirac Delta) (5 pts):

Next, integrate both sides of your equation of motion with respect to 𝑥 from 0− to 0+ , where 0−
and 0+ represent the system just before and after 0, respectively (5 pts):
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0+

∫
0−

𝜕2 𝑣
𝑚(𝑥 ) 2 𝑑𝑥 =
𝜕𝑡

Recognizing that the string does not exists at 0− (i.e., there is no tension or spring there), we can
eliminate the following terms (5 pts):

Finally, after eliminating all zero terms, we find that the BC is (5 pts

Similarly, the corresponding BC at the right end is (5 pts)
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2. The Mass-loaded End (25 pts)

Consider the following string with a lumped mass installed
on its left end. The string has a non-constant mass
distribution of 𝑚(𝑥), internal non-constant tension of 𝑇(𝑥 ),
and vertical displacement of 𝑣(𝑥, 𝑡). The lumped mass has a
mass of M and is located at 𝑥 = 0.

To find the boundary condition, first perform a balance of vertical forces (hint: the total mass of
the string is 𝑚(𝑥) + 𝑀𝛿(𝑥 )) (5 pts):

Next, integrate both sides of your equation of motion with respect to 𝑥 from 0− to 0+ , where 0−
and 0+ represent the system just before and after 0, respectively (5 pts):

Recognizing that the string does not exists at 0− (i.e., there is no tension or spring there), we can
35

eliminate the following terms (5 pts):

Finally, after eliminating all zero terms, we find that the BC is (5 pts)

Similarly, the corresponding BC at the right end is (5 pts)
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D. Example of a Lecture-Enhancing Worksheet

MECH 416/816: Engineering Acoustics, Spring 2020
Worksheet #9
Design and Analysis of a High-Performance Muffler (100 pts)
Consider the MagnaFlow * high-performance muffler shown below. The muffler has inlet and
outlet flow pipes that are centered on the body and each have a diameter of 2.5 in (0.0635 m). The
muffler has a body diameter of 7 in (0.1778 m) and a body length of 27 in (0.6858 m). We will
model the exhaust fumes as air at 550 K, which results in a speed of sound of 466.9 m/s and a
density of 0.6412 kg/m3.

The muffler acts as low-pass acoustic filter and, in class, we found that, for kL ≪ 1, the amplitude
of the transmission coefficient is

T =

2cS

.

(1)

æ -Lw ( S1 - S ) ö
÷.
2cS
è
ø

(2)

4c 2 S 2 + L2 (S1 - S)2 w 2

The corresponding phase of the transmission coefficient is

q (w ) = tan -1 ç

For the MagnaFlow muffler shown above, plot the amplitude and the phase of the transmission
coefficient from 0 to 2500 rad/s (10 pts).

From acoustic testing, the flow of the exhaust fumes from the catalytic converter produce acoustic

*

https://www.autozone.com/exhaust/performance-muffler/magnaflow-22-x-5-x-11-in-body-polished-stainless-steel-oval-muffler/889112_0_0
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plane waves with the highest amplitude occurring at 2000 rad/s. Due to environmental concerns
and standards, the transmission coefficient at this frequency cannot exceed 0.15. Based on the
assumption of 𝑘𝐿 ≪ 1 is the muffler suitable for use in this vehicle (10 pts)?

Consider the case where kL ≪ 1 and derive the overall transmission coefficient by considering the
reflection and transmission at the two interfaces. After deriving the overall transmission
coefficient, plot its amplitude and phase and compare with those from the case where kL ≪ 1 (60
pts).

38

Recall that the amplitude of the transmission coefficient at 2000 rad/s cannot exceed 0.15. Using
the transmission coefficient that you derived in the previous step, is the muffler suitable for use in
this vehicle (10 pts)?

If the muffler is not suitable, design a new cylindrical muffler that is suitable for use in this vehicle
(i.e., change the geometry of the muffler body) (10 pts).
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E. Practice Midterm 1 Solutions

40

41

42

43

44

45

46

F. Midterm 1

MECH 416/816: Engineering Acoustics, Spring 2021

Midterm #1 (100 pts)
Use only the front side of each page for your answer. Additional paper is available if needed.
There is a total of three problems in this exam. You do not need a calculator, but you are
allowed to use a basic one that cannot connect to the internet or store text documents.

1. (1 pt) Please draw a smiley face.
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2. (24 pts) A designer intends for a fan to operate at a speed of 𝜔 = 20 rad/s and, as a vibration
analyst for the company, you have been tasked with determining whether or not this is a safe
operating speed. The fan is known to be safe if it maintains a steady-state operation amplitude of
𝑋(𝜔) ≤ 0.005 m. You have determined that the fan can be modeled as a harmonic oscillator with
an effective mass of 𝑚 = 1 kg being forced harmonically by 𝐹(𝑡) = cos 20𝑡. From preliminary
experiments, you have determined that the representative stiffness and damping of the fan are 𝑘 =
400 N/m and 𝑑 = 4 Ns/m, respectively. Ignore gravity and any friction.
a) Draw a representative schematic of the system. (4pts)
b) Determine the governing equations of motion. (5pts)
c) Compute the steady-state amplitude. Is the intended operating speed safe? (5 pts)
d) If the intended operating speed is unsafe, suggest a design change (i.e., a change in the basic
system parameters) that will resolve this issue. Explain your reasoning for this design change.
(10pts)

48

2. Are the following functions traveling waves? (15 pts)
a) 𝑢(𝑥, 𝑡) = 𝑓 (𝑥 2 − 𝑐𝑡 2 ) (5 pts)

b) 𝑢(𝑥, 𝑡) = 𝐵𝑒 𝑥−𝑐𝑡 (5 pts)

c) 𝑢(𝑥, 𝑡) = 𝑓 (𝑥 − 𝑐𝑡)𝑔(𝑥 + 𝑐𝑡) (5 pts)
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3. (60 pts) For the string shown to the right:
a) Determine the governing equations of motion with
appropriate boundary conditions and generic initial
conditions. (10 pts)
b) Employ the method of separation of variables to
determine the modes of vibrations (natural frequencies and
mode shapes). DO NOT MASS-ORTHONORMALIZE.
(20 pts)
c) Draw the first two mode shapes. (10 pts)
d) After determining the mode shapes, explain (in writing)
how you would proceed with solving for 𝑢(𝑥, 𝑡) using the
mode shapes and modal coordinates, but DO NOT SOLVE
THE PROBLEM. (20 pts)
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Massless,
frictionless

G. Practice Midterm 2 Solutions

Team Name:

Member Names:

MECH 416/816: Engineering Acoustics, Spring 2019
Practice Midterm #2 (100 pts)
Use only the front side of each page for your answer. Additional paper is available if needed.
There are four problems in this exam. You do not need a calculator, but you are allowed to
use a basic one that cannot connect to the internet or store text documents.
1. (30 pts) Consider the rectangular cavity shown to the right
with rigid walls at x = 0, x = L1 , z = 0, and z = L3 and pressure
release conditions at y = 0 and y = L2 . The room is filled with
a generic fluid and gravity is ignored.
(a) Determine the governing equation of the acoustic pressure
and the appropriate boundary conditions (10 pts).
(b) Employ the method of separation of variables to determine
the modes of acoustic vibration (natural frequencies and mode
shapes) (20 pts)

1

51

2

52

3

53

4
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2. (30 pts) An experiment at the edge of space generates
harmonic plane waves that propagate through the
atmosphere and the ocean until finally bouncing off the
bedrock at the ocean floor. Given that the bedrock is
modeled as a rigid boundary condition:
(a) Determine the total pressure and particle velocity in each
medium (5 pts).
(b) Determine the appropriate interface and boundary
conditions for this system (5 pts).
(c) Compute the resulting reflection and transmission
coefficients (20 pts).

5

55

Water

Air

6
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3. (40 pts) Consider the combined driver-pipe system with a rigid cap at the right end:

(a) Determine the equation of motion governing the driver (5 pts).
(b) Compute the total complex mechanical impedance and label the individual contributions from
the driver and the pipe (10 pts).
(c) Determine the transcendental equation governing the resonant frequencies of the system (10
pts).
(d) Graphically solve the transcendental equation and determine the ranges for the resonant
frequencies (15 pts).

9

57

10
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H. Midterm 2

MECH 416/816: Engineering Acoustics, Spring 2020

Midterm #2 (100 pts)

Instructions:
1. This is a take home exam. The exam is due 11:59pm on April 23, 2020 as a PDF
uploaded to Canvas. The printer in the MME Office can be used to scan and email PDF
documents. Alternatively, you can use a free app such as CamScanner on your smartphone
to scan the exam and create a PDF.
2. You may refer to the lecture notes, homework solutions, worksheet solutions, textbook,
and the formula sheets that you have prepared for the in-class exams. You are NOT allowed
to refer to any other material (this includes Chegg and similar websites).
3. You are allowed to talk to the professor and your teammates about the exam, but each
person must turn in their own handwritten copy of the exam. While you are allowed to
work with your teams on the exam, blatant copying of a single solution will result in a
grade of zero for everyone in the team. This includes copying a solution but changing the
variables or introducing arbitrary mistakes into the work. You are expected to produce your
own solution to the exam based on discussion of the problems with the professor and your
team.
4. You are allowed to use software like Maple, Mathematica, MATLAB, and so on but you
MUST include all of the input and output results from the software in the exam.
5. There are four problems total in this exam. Please write out each problem on its own sheet
of paper.
6. Include this page as a cover page for the exam and sign in the space below.
I attest that I have completed this exam myself based on discussions of the problems with the
professor and my team. I attest that I have not sought help outside of the professor or my team and
that I have not used any material external to the course material.
Signed:

Date:
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1. (1 pt) Draw a smiley face.

2. (29 pts) Consider the rectangular cavity filled with a generic fluid
shown to the right. From experimental measurements, the mode
shapes are determined to be
¥ ¥ ¥
æ ip ö
æ mp
P(x, y, z) = å å å Aimn sin ç x ÷ cos ç
è L1 ø
è L2
i=1 m=1 n=1

ö
æ np
y ÷ cos ç
ø
è L3

ö
z÷.
ø

(a) Determine the natural frequencies of the acoustic modes (10 pts).
(b) Determine the boundary conditions of the cavity (20 pts).
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3. (30 pts) An ocean mining operation generates harmonic
plane waves that propagate through the ocean and the
atmosphere until finally bouncing off the boundary
separating the vacuum of space from the atmosphere
(assume that there is a clear division between the atmosphere
and space). Ignoring any effects from gravity and given that
the division between the atmosphere and space is modeled
as a pressure release boundary condition:

Water

(a) Determine the total pressure and particle velocity in each
medium (5 pts).
(b) Determine the appropriate interface and boundary conditions for this system (5 pts).
(c) Compute the resulting reflection and transmission coefficients (20 pts).
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Air

4. (40 pts) Consider the combined driver-pipe system with an exotic material capping the right end:

(a) Determine the equation of motion governing the driver (5 pts).
(b) Compute the total complex mechanical impedance and label the individual contributions from
the driver and the pipe (10 pts).
(c) The exotic material at the right end of the pipe induces a mechanical impedance of
zm0 = - j r0cS tan(kL). Determine the transcendental equation governing the resonant frequencies
of the system (5 pts).
(d) Graphically solve the transcendental equation and determine the ranges for the resonant
frequencies (20 pts).
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I. Practice Final Exam Solutions

Name:

MECH 416/816: Engineering Acoustics, Spring 2020
Practice Final (100 pts)
Instructions:
1. This is a take home exam. The exam is due 11:59pm on May 7, 2020 as a PDF uploaded
to Canvas. You can use a free app such as CamScanner on your smartphone to scan the
exam and create a PDF.
2. You may refer to the lecture notes, homework solutions, worksheet solutions, textbook,
and the formula sheets that you have prepared for the in-class exams. You are NOT allowed
to refer to any other material (this includes Chegg and similar websites).
3. You are allowed to talk to the professor and your teammates about the exam, but each
person must turn in their own handwritten copy of the exam. While you are allowed to
work with your teams on the exam, blatant copying of a single solution will result in a
grade of zero for everyone in the team. This includes copying a solution but changing the
variables or introducing arbitrary mistakes into the work. You are expected to produce your
own solution to the exam based on discussion of the problems with the professor and your
team.
4. You are allowed to use software like Maple, Mathematica, MATLAB, and so on but you
MUST include all of the input and output results from the software in the exam.
5. There are seven problems total in this exam.
6. Extra Credit: 3 points of extra credit will be added to the exam final score if you provide
proof that you have completed the end of semester survey for this course. The survey can
be found at the link below and you can attach a screenshot of the page showing that you
completed the survey.
https://crseval.unl.edu/
7. Include this page as a cover page for the exam and sign in the space below. If you do not
include this cover page, your exam will NOT be graded and you will receive a zero.

I attest that I have completed this exam myself based on discussions of the problems with the
professor and my team. I attest that I have not sought help outside of the professor or my team and
that I have not used any material external to the course material.
Signed:

Date:

1
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1. (1 pt) Please draw a smiley face.

2

64

2. (30 pts) A large fan is used to drive air (c = 343 m/s) into a coal mine resulting in two acoustic
plane waves of frequency f1 = 30 Hz and f 2 = 250 Hz. The fundamental resonant frequency of
the ducting and mine shaft is near 250 Hz and a low-pass filter must be designed to reduce the
amplitude of this component by as much as possible (but at least by 80%). However, due to the
depth of the shaft, the 30-Hz wave must retain at least 80% of its incident amplitude. The ducting
has a diameter of 0.75 m and the diameter of the filter is chosen to be 1.5 m.
(a) Draw a representative physical diagram of the low-pass filter (5 pts).
(b) Determine the optimal length of the filter using the requirement for the 30-Hz wave (15 pts).
(c) Is the length computed in (b) suitable for the filter based on the requirement for the 250-Hz
wave (10 pts)?

3

65

4

66
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5. (10 pts) Consider a harmonically driven close-ended pipe. The counter-propagating plane waves
produce a standing wave acoustic pressure of p(x,t) = 2Pcos(w t)cos[k(L - x)]. Using the
acoustic momentum equation (given below) derive the corresponding acoustic particle velocity in
the pipe, v(x,t) = ?

r0

¶v
= -Ñp
¶t

6. (5 pts) Write expressions for the natural frequency (w ) in terms of the wavenumber(s) (k) and
speed of sound (c) for a
(a) one-dimensional plane wave (2.5 pts)

(b) three-dimensional standing wave (2.5 pts)

6

68

7. (39 pts) Two pipes of cross-sectional areas S1 and S2 contain fluid media of specific acoustic
impedances of z1 = r1c1 and z2 = r2 c2 , respectively. The pipes are connected as shown below and
the fluids are separated by thin diaphragm.

(a) Determine the transmission and reflection coefficients (30 pts)
(b) Determine the condition for 100% transmission of the incident pressure wave (9 pts).

7

69

8
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J. Final Exam

MECH 416/816: Engineering Acoustics, Spring 2020
Final (100 pts)
Instructions:
1. This is a take home exam. The exam is due 11:59pm on May 7, 2020 as a PDF uploaded
to Canvas. You can use a free app such as CamScanner on your smartphone to scan the
exam and create a PDF.
2. You may refer to the lecture notes, homework solutions, worksheet solutions, textbook,
and the formula sheets that you have prepared for the in-class exams. You are NOT allowed
to refer to any other material (this includes Chegg and similar websites).
3. You are allowed to talk to the professor and your teammates about the exam, but each
person must turn in their own handwritten copy of the exam. While you are allowed to
work with your teams on the exam, blatant copying of a single solution will result in a
grade of zero for everyone in the team. This includes copying a solution but changing the
variables or introducing arbitrary mistakes into the work. You are expected to produce your
own solution to the exam based on discussion of the problems with the professor and your
team.
4. You are allowed to use software like Maple, Mathematica, MATLAB, and so on but you
MUST include all of the input and output results from the software in the exam.
5. There are seven problems total in this exam.
6. Extra Credit: 3 points of extra credit will be added to the exam final score if you provide
proof that you have completed the end of semester survey for this course. The survey can
be found at the link below and you can attach a screenshot of the page showing that you
completed the survey. The survey is available on Canvas.
7. Include this page as a cover page for the exam and sign in the space below. If you do not
include this cover page, your exam will NOT be graded and you will receive a zero.
I attest that I have completed this exam myself based on discussions of the problems with the
professor and my team. I attest that I have not sought help outside of the professor or my team and
that I have not used any material external to the course material.
Signed:

Date:
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1. (1 pt) Please draw a smiley face.

2. (5 pts) A classic example of a Helmholtz resonator is a wine or beer bottle. A standard Bordeaux
wine bottle has an internal volume of Vw = 7.5 ´10-4 m3, a neck length of lw = 0.0826 m, a neck
radius of aw = 0.0185m, and a cross-sectional area of Sw = 2.69 ´10-4 m2. The North American
longneck beer bottle has an internal volume of Vb = 3.41´10-4 m3, a neck length of lb = 0.0699 m,
a neck radius of ab = 0.013m, and a cross-sectional area of Sb = 5.31´10-4 m2. Determine the
undamped natural frequency (in Hz) for each of these bottles when filled with air (c = 343m/s)
assuming that the neck of each bottle is flanged (2.5 pts each).
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3. Given the mode shapes of a taut string determine the bounday conditions and label the nodes
and anti-nodes on each mode shape (10 pts).
(a) (5 pts)

Boundary conditions:

(b) (5 pts)

Boundary conditions:
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4. (5 pts) Consider an arrangement where a single acoustic speaker (located at position 𝑟⃗1 ) and a
single acoustic microphone (located at position 𝑟⃗2 ) are contained within an irregularly shaped,
rigid-walled, air-filled room. Both the speaker and the microphone are very small compared to the
wavelength of the acoustic waves in the room. Using this arrangement, provide a demonstration
of the general principle of acoustic reciprocity.

5. (5 pts) For maximum transmission of sound energy, two media should have matching
impedances. Why?

6. (5 pts) Prove that u(x,t) = f (ct - x) + g(ct + x) is a possible solution of the one-dimensional
wave equation.
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7. (30 pts) Consider a rectangular channel filled with sea water of length 𝐿𝑥 , width 𝐿𝑦 , and depth
𝐿𝑧 . All sides of the channel are rigid except for the top surface (𝑧 = 𝐿𝑧 ), which is exposed to the
atmosphere.
(a) Determine the appropriate boundary conditions (5 pts).
(b) Determine the infinite set of acoustic modes (mode shapes and natural frequencies) that govern
the response of any standing waves in the channel. Show all of your work (20 pts).
(c) If the length of the channel is extended to infinity, how will the resulting acoustic waves differ
from those studied in part (b) (5 pts)?
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8. (39 pts) An infinitely long, rigid, smooth pipe of cross-sectional area 𝑆1 is connected with
another infinitely long, rigid, smooth pipe with a cross-sectional area of 𝑆2 as shown below:

The main pipe and side branch contain different fluids with specific acoustic impedances of 𝑟1 =
𝜌1 𝑐1 and 𝑟2 = 𝜌2 𝑐2 , respectively, and the two fluids are separated by a thin membrane. Note that
this is a special case of the Y-branch studied in class.
(a) Determine the transmission and reflection coefficients (29 pts)
(b) Under what conditions does the transmission coefficient approach unity (𝑇 → 1), i.e., full
transmission of the incident wave? Explain in terms of acoustic impedance (5 pts).
(c) Under what conditions does the reflection coefficient approach negative unity (𝑅 → 1), i.e.,
complete reflection of the incident wave with opposite phase? Explain in terms of acoustic
impedances (5 pts).
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